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INTRODUCTIOI Date: J 
(D) Charse of the Senate Armed Services Co_ittee UL J. Z&H 

(D) The Senate Armed Services Committee (SASe) requested that the Secretary 
of Defense provide to' the House and Senate Armed Services Committees: (1) an 
Itanalysis of the technical, schedule, and cost risks of accelerating the 
development of space laser weapons," and (2) a "detailed prosram plan for the 
earliest feasible on-orbit deploJlllent of such a weapon. 1f 

(D) This report responds to that request by addressing the specific questions 
raised by the Congress. In addition, the report examines the military utility 
of different space laser weapon performance levels and the resulting desira
bility of accelerating space-based laser efforts. 

1.2 (D) Background 

(D) The Question posed by Congress to the Secretary of Defense was asked in 
the context of defense against strategic attack on the United States. There 
are, in addition, leveral potential applications of lasers in space including 
ant1satellite, satellite defense, and antiaircraft. Of all these applications, 
ballistic missile defense against msjor attacks is the most demanding. 

(D) Conceptually, a space-based laser weapon platform consists of several 
components. The laler itself can be compared to a rocket engine, since it 
derives its power from the burning of chemical fuels stored as liquids. A set 
of mirrors is used to extract the laser radiation from this gas flow which is 
anal080u8 to the exhaust of the rocket. To provide a capability to destroy 
target. rapidly, the laser device must generate millions of watts of power. 
Another set of mirrors is used to pOint this laser beam accurately at the 
target. These pointing mirrors also hold the beam to a small spot on the 
tarset. At the long (several thousand kilometers) ranses of space·based 
lasers, this focus requires the final or primary mirror in the optical train 
to be of large diameter (many meters), 

(U) The weapon platform must also contain a trackins device. Receiving 
handover instructions from a surveillance and warning system, the tracker 
commands the primary mirror to p01nt the laser beam at the target. Extreme 
accuracy is required. A one meter diameter target at a range of 1000 kilo
meters sub tends an angle of one microradian, about a thousand times smaller 
than the angle that can be resolved by the unaided human eye. Boresight 
between the trackins and pointing systems must be held to micro radian or 
better tolerance t.o obtain an initial "hit" on the target. Some means must 
then be provided for senslns any miss distance and providing adequate correc
tion. 

(U) A space-based laser weapon system would then be composed of many such 
long range weapon platforms orbiting the earth and the required surveillance 
systems also conSisting of orbiting satellites. Command and control facil
ities must be provided to support a commander in his management of the battle. 
In the more demandins applications, these facilities must be highly automated 
to react to a rapidly developing threat. 

DRAFT 
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.~ The current space laser program 1s part of a broad-based laser technology 
program (approximately $100 million of the total $200 million per year). The 
overall program is structured to evaluate potential applications of high 
energy lasers in the tactical a8 well a8 strategic missions. All basiog modes 
(satellite, aircraft, ship and ground vehicles) are included. Applications 
other than space-based have substantially less potential global impact and can 
be achieved with substantially lower system perfo~ance. The programs addres8-
ing them will yield some system integration and counte~asures data relevant 
to space applications in the near term. For example, field experiments at 
White Sauds Missile Range agaiost real targets will occur io 1984. 
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(U) At least four aapecta of space la8er weapons 8hould be addressed before 
decisions are made with respect to the rste of inve8tment in their develop
ment. TheBe aapects are: 

(U) The potential utility of 8pace"based laser weapons; 

(U) The current atate of technology and projected rate of attainment of 
required technology levels, together with a8sociated costa and risks; 

(U) The pos8ible weapon deployment options, together with their schedules 
and costs, and compsrison with alternate aeans to accomplish military 
missions; and, 

(U) The impact of the development and deployment on national policy. 

2. 1 (U) Overview 

(U) A network of high energy lasers operating from space could provide 
iatantaneoul global projection of force. Des~ructive energy could be 
delivered to several thousand kilometers range at the speed of light 
against targets on the ground, in the air, and in spsce. Development 
of an effective and survivable space-based la8er force could have a 
decisive impact on the character of warfare and on the strategic balance 
of power while reprelentins a revolutionary change in types of weaponl 
used in warfare. 

(U) There are, however, areas of major uncertainty in Our ability to 
rellize this potential. Substantial advancement beyond current technology 
is required, not only in lasers but al80 in Burveillance, command and control, 
and laUDch vehicle capabilities. The ability of the laser weapon system to 
survive a.ainat the many potential threats and levela of attack which might 
be anticipated, consistent with the prospective military impact of the lasera, 
is a concern and must be alao examined in detail. Finally, the costs will 
be hilh, although the cost estimatea are very uncertain because of the degree 
of extrapolation required to estimate the technologies and system designs. 

~ The earliest time frame such weapons could make a contribution to 
U.S. military posture ia in the mid 1990.. There is a need now, however, 
to understand their potential so we can plan an intellilent response in the 
event that an adversary should deploy such weapons. Thus, the primary 
questions to be addreased are whether the future military potential of 
such weapons, as judled today, wsrrant acceleration of the space laser 
program and if so, to what delree. 

2.2 (U) Soviet Space-Baaed Laaers 

~ The aa.. potentials and issues for application of space-baaed lasera 
to antisatellite, antiaircraft and ballistic missile defense apply to the 
Soviets. How they might be applied and their utility relative to other 
weapon systema will differ due to asymmetries in the Soviet VS. U.S. 
for ••• truetUte. For ex ... 1., a Soviet .p ... 1 ....... pOD ayet .... ~~\ 
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in cODjuactioa with a .. asive first strike aaainst the U.S. land-baaed 
reIN force miabt he effective fa limiting the U.S. retaliatory strike 
capability while requiring a substantially less capable laser force size 
tban Deeded for most U.S. ballistic misli1e defenle seenarios. 

,/JfIIII,. lnul1i.ence estimatea ind:Lcate that the total Soviet laaer develop
Mat proar.m il perhaps 3 to 5 times the size of the U.S. proar.... Ev:Ldence 
within the pa.t year reinforcel the Scientific aad Teebaical co.-
mittee'. belief that the Soviets have been 

least one laser weapo..D, 

c.t) 'OSD 3.3(b)( " ) 
(U) It is important that active monitorinl of theae indicatora of a Soviet 
decision to develop or deploy a Iystea be maintained. The potential impact 
on the U.S. defense pOlture requires auch monitorinl regardiesl of decisions 
_de on the pace of the U.S. proar_ and it would be prudent to develop 
couateraeasures technoloay. 

2.3 (U) Potential UU.lit! of Space-Based Lasers 

(D) This aection sUlMarizes the potential utility of space-based laser weapons 
haled on n_inal target hardnell levels, alsumed adequate survivability of the 
laaer weapon Iystema. and the best coat eltimates which could be made. The 
aubsequent section discusses the silnificant uncertainties in these areas. 

j#'( The lealt demandioa potenUal aisaion for space"'baled lalers is the 
antisatellite mi8sion. Offensive aatisatellite operations aaainlt a few key 
satellites caD be accoaplished with a 

iailLtaeillw that is on 

lA f A. F ,- '" (At),{ -}J J (6) 
'CU) Brightneas il a measure of the capability of a laser system to CORcentrate 
ita power onto a Imall spot at ranael of interestl, i.e., a meaBure of IYltem 
radiant intenlity. Three brightnesl levels of chemical laserl are frequently 
cited in the report: 

Power 

lA5,Ar LLIC 
n17 A 1 -a{J,)(Lf) 

oso 3.3(b)( ~) 

2-2 

Aperture 
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Beam Spread 
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a capability to enaaae, latellttea 
whOle orbit. are below • Cost • however, be 
examined in coaparison with other antisatellite weapon system conce~s. C') 

OSI) 3.3(b)( "I) " 
~ Another military application of apace-based laaera appeara to be aeainst 1 
aircraft taraeta. A space-baaed laler force coald provide the potential for 
rapid slobal projection of U.S. power into conflicts of limited nature. It could 
provide simultaneoua continental United States and fleet air defense and could be 
used to attack airlift lines of lupply and airborne wamins and control aircraft. 
ThiB ability il considered anique since no other sYltem hal potentially inBtan-
taneoul, slobal, antiaircraft estimated that thia capability 
would be provided asainst hardened by a con~ur 
eight tes* th a roximately 
steradian aad a totai coat 0 approxi-
mately Such a ayatem rapid antiaatellite 
capability againat all low altitude (up to 5000 km) aatellitea aad aoae capability 

numbera of • A ayatem of leaaer capability 
would provide the antiaatellite 

but would bave c~~atlllity againat bardened aircraft and 
almoat no potential for aipificant balliatie mia~J.leJdefenae. OSD 3 3(b)( I.S ) l') 
U~At= \."L{(~~e') .. ~ • .,(J.X'l) OtA L'1CIl) .,. I' JI' In the moat ndlnS application, balliatic miaai1e defense, spaee-

baled laserl, in conjunetioa with conVentional balliltic miasile defense Iystems, 
miaht be able to provide an effective ballistic missile defense. The maanitude 
of a system for thia purpose ia quite ancertain, laraely because of uncertainty 
in the hardnea. achievable in future Soviet in rellpolDa~ 
U.8 of SDllce"baaed 

. .., '" A '3.3 ( OSD 3.3(b)( '7 ) 
~ Redundaacy required for reliability and compenaate for attrition and 
any additional target bardening would increase the number and required capability 
of individual aatellitea. Even the mOlt modest of these balliatic mi.aile defense 
syatema would bave an instantaneous and global capability alainst very larse 
numberl of aircraft and letellites. Since the potential hardness of future 
Soviet ballistic mi.silel ia uncertain, the development of very bigh brightness 
laser systeme baaed on short wavelength devices may be preferred. 

*(U) Full equatorial coveraae without exploitable gapa may reqaire additional 
satellite •• 
**(U) All COltl herein are liven in FY 81 dollarl and are hiehly uncertain. 
Cost estimates are lO-year life cycle cOlta. They aaaume a 3-year on-orbit life
time for apace-baaed laaer satellitea with replacement at end of life. All 
costs for reaearch and development, surveillance, com.and and control, communi
cationa, launch vehicles, operationl and support, and program management related 
items are included. COltl could be reduced if the latellite lifetime i8 increased 
and/or if coat. for reqaired aupport systems are shared with other programa. 

"""'It"" D~~ . . 
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ill Achieving Space Laser Weapons 2014 2.4 (U) Uncertainties 

(U) While the overall impact of a successful space laser system development 
on the strategic balance i8 potentially extreme, major uncertsinties remain in 
areas such as survivability, weapon lethality, technology availability, and 
systems engineering. "These must be resolved through analysis, desiga, develop
ment, and measurements. 

CU) There are basic issues about the survivability of a space-based laser 
weapon system. For example, a space-based laser system would be deployed only 
if it provided a major military advantage and, therefore, would represent a 
hiab value taraet. A potential enemy could be expected to commit significant 
resources to nelate the effectiveness of Buch a system. There are many poten
tial countermeasures to the space-based laser system and these require analysis 
in depth. 

CU) The uncertainty in target hardness reflects on all conclusions with 
respect to mission utility. The development and deployment of a space-based 
laser system would be a major and visible undertaking and, clearly, any poten
tial enemy will develop countermeasures in parallel. Laser weapon systems, 
therefore, must be designed against responsive targets, not those which exist 
todsy. The degrees of hardening which can be achieved in 15 to 30 years are 
uncertain. In this report, examples have been given which reflect estimates 
of hardening using experimental data and reasonable weight penalties for 
existina boosters and aircraft. The uncertainties for new materials or new 
target vehicles of the future are large. Since .ystem sizing (i.e., number of 
laser weapons required) is directly related to the targetts hardness level, an 
increase over the hardening assumed in these exa.,les would commensurately 
increase the required numbers of laser weapons for the same level of force 
capability. 

~ Uncertainties in future technology availability result from the relative 
immaturity of toda,'s hiah • No 
laser has been tested in 

ser ratory 
early thi" year. The hiahes demonstrated 

to the Airborne Laser Laboratory was in the Unified Navy 
Test Program in Karch 1918. A major on achievable brightness 

fOf these afOund applications is atmospheric turbulence. In space applications 
the lack of atmospheric turbulence may allow effective use of large mirror 
apertures to achieve very small laser beam spread and thus commensurately 
illerease the brightness, if the difficult vibration environment of large lasers II ) 

can be neutralized'1A 1"A f ,. Lf ( 4\ (e), ,,, j( J,)( '-l) ,(t\~~ 050 3.3(b)('" 

(U) Finally, there are significant issue( to be addressed in engineering a 
space laser weapon system. Such issues involve the overall system of sur· 
veillance, control, support, logistiCS, etc., that the weapon needs to perfo~ 
effectively and those associated with integrating the major laser subsystems 
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in a apace qualified vehicle. No operational high energy laser weapons have 
ever been produced or deployed. and experience in intearatina the major sub
systems of a laser weapon is limited. Many functions required for weapon 
effectiveness are not well characterized. 

2.5 (U) State of Technololf and Devel0E!!ats leeded 

(U) Since briahtnes8 is inversely proportional to laser wavelenath, lasers 
with wavelenath shorter than those of HF or Dr lasers become increasioaly more 
attractive to fulfill the requirements of more stressina potential missions 
(i.e., balliatic missile defense against large numbers of hardened miaailea). 
The technololY of short wavelenlth laaer systems i8 even les8 mature than that 
of the HF or Dr ayatems. 

$I A (: o' ~ .. 'CS,}{l{ 1> A ~cl OSD 3.3(b)( q ) 
~ Advanced s'rveillance systems. not currently planned, would 
be necessary to detect and track large numbers of targets for significant 
space-based laser missions. The separate surveillance systems required for 
aircraft or ballistic missile targets would be major systems developments in 
their own right. While the technolo8Y for such surveillance is under develop· 
ment, there are no current plans to deploy such systems. 

(U) An advaneed#launch system such as the proposed shuttle derivative launch 
vehicle (SDLV) or heavy lift launch vehicle (HLV) would be required to place 
space-based laser aystems in orbit in a sinale launch. OtherWise, multiple 
shuttle launches and in-space assembly would be necessary. 

~ Aa eBsential but expensive element of any program to develop space-based 
laser weapons is an on-orbit experiment whicb integrates a higb power laser, 
larae optics, precise pointinl and tracking, and the appropriate surveillance. 
At some stage in system development, integrated system level testing in space 
is essential to (1) verify beam control performance in the presence of high 
power laser operation with attendant vibration, exhaust effluents and thermal 

2-S",tr' 
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loads, (2) verify weapon platfo~ end-to-end thermal management and laaer 
exhaust control, (3) provide a credible basis for cost estimates, and (4) 
uncover unrecognized system level problems. The experiment could logically be 
carried out with a system that, with reasonable technical risk, can be launched 
in a 8ing1e shuttle load. The objective would be to provide the beat oppor
tunity for realistic scalable data at a perfo~ance level which approximates 
that useful to potential missiona applications. 

~ The earliest date by which an on-orbit feasibility demonstration could be 
accomplished is around the end of this decade. This assumes an aggressive 
program with funding on the order of $S billion for the demonstration and 
supporting technology development, but not inc1udina the surveillance systems. 

2.6 (U) Possible Accelerated Development 

(U) The current tecbnololY pros ram could be accelerated to seek a resolution 
by the mid 1980s of the major uncertainties cited previously prior to any 
eommitment to on-orbit demonstration or deployment. The cost of such an accel
erated technology effort would be $1 to $2 billion for FY 82 through FY 86, 
dependiAg on the depth of the effort • 

8:0n-orbit demonstration at approximately the 
level, coupled with an accelerated technology effort, accom-

plishe y the end of the decade. Advanced space-based chemical laser tech-
nology would be developed and ground-based, space-relayed laser systems of 
shorter wavelensth would be demonstrated. This would provide a basis for weapon 
system commitments. The total cost is on the order of $S billion. 

t risk path to a weapon prototype demonstration at 
would by-pass the feasibility demonstration and permit 

a of the 1990s. To moderate the technical risk, the 
prototype development would be supported by a technology limited effort address-
in8 all known technical iS8ues. Such a prolram. including the prototype '(I 
demonstration, would cost approximately $10 billion. U,.). 'F= t. «i l A) le.~ '1. '~, 

2.7 (U) Earliest P08sible Depl0X1!"nt OSD 3.3(b)( '1) 
~ A plan which provides the earliest possible on-orbit deployment of a 
space-based on of a with b 
the order of 
impliCitly accepts very to iate . .LIIIIUC'\U." 

a prototype space laser satellite. Included in th~lan is an enhanc~d tech-
nology development prosram (pertinent only to the class 
system) in an attempt to limit the development ris. e projecte earliest 
dates for the prototype test and subsequent initial operational capability are 
1990 and 1994, respectively. Innovative procurement methods would be required 
to accomplish an initial operational capability sO soon after prototype demon
stration. The cost through prototype demonstration would be approximately $4 
billion. The prototype demonstration would not include the surveillance, command 
and control systems, The capability of such a system would be largely limited 
to antisatellite missions and would have no srowth potential to satisfy the more 
demanding missions such as antiaircraft or ballistic missile defense. 
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, iacludiaa lauaeh costs 
battle statioa a,atem deliaRated for an aatiaircraft miaaioa, aaaumina a 

IO-year life cycle, are estimated to be $25 to $55 billion. Such coat. can 
oaly be estimated at the present time with substantial uncertaiaty. 

eU) A considerable effort is required to further iavestiaate such items aa 
miaaion effectiveneaa, aurvivability, hardnea8 aDd lethality, a,.tem level 
performance of .urveillance, and coamand aDd control, ia addition to laser 
techaololY, in order to dete~ine the military usefulne'8 of auch a ayatem. 
The rist in coat and achedule involved ia developina aueh a .pace·based laaer 
weapon system OD the specified schedule is very hiah. A proaram with more 
moderate riat would delay full operational capability until well after the 
year 2000. 

2.9 (U) Policy I.sues 

~ The poteDtial cODtribution of apace~based laaer weapon. to ballistic 
mis.ile defense, air defenae, aDd aDtiaatellite capabilities must be viewed in 
the liaht of exiatina U.S. policies aovernina the employment and deploymeat of 
strateaic offensive and defeasive forcel. The early st.aes of space-baaed laser 
technolosy development precludes a precise a •• essmeat of these weapona with 
respect to exiatins atratesic policies and make it difficult to predict the 
subatances of future policy issues ia thia area. The development of these 
capabilitiea--con.iatent with exiatina treaty obliaationa--auament. and con
tributea to our aeneral Rational policy objective of deterrence. Such capa
bilitiea would support our objective of be ins able to respond at any level of 
aaaresaion that an opponent elects to iaitiate, and to deny him victory. 
however he defiaes it. Specificall,. the developmeat of apsce-baaed laser 
capabilities haa the poteatial of contributiDs to our loa1s of assurins the 
survivability of atratesic offenaive retaliatory force •• defendina contiaential 
Uaited State. baaed asaets asainat a precursor and/or follow-on bomber attack, 
protect ina key U.S. aatellftes, and providina tbe options of selectively 
dearadina hostile space-based aaaeta. Furtbermore, pursuit of pe~itted reaearcb 
and developmeat ia tbis area would contribute to our arm. control policy obJec
tivea by increasins tbe incentivea for tbe USSR to comply with the ADM Treaty, 

~:!....t! 
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by providin8 a nece •• ary hed,e a8atnat a Soviet withdrawal or breakout fro. the 
Treaty, and by providin8 a correlpondina U.S. aatilatellite capabilit, which 
could prove useful in realizina a atabilizln, a8reement in thia area. 

(n) The ABH Treaty conatrains deployment, and to a lealer extent development. 
of space-baled laaer weapon.. Ui,h eoer., la.er reaearch proarama are not 
conatrained by exiatina arma control a,reements. The ABM Treat, doe. ban the 
development, teaUn" aad deployment of all ABH avatems and component I that. 
are lea-baaed, air-ba.ed, space-b. sed , or mobile land-baaed. The Treatv 
permit.a t.he development aad teatina of fixed, land-based ABH s,ltems and 
componenta based on other physical principles Cauch al laaerl and particle 
beame), and includina components capable of lubatitutin, for ADM interceptor 
millile8, ABH launCher., or ABH radarl. However, tbe Treat.y prohibitl the 
deploymeat. of lucb land-baaed systeml and component.a unleas the Partiea con
lult and amend tbe Treaty. 

(n) Oaly the actual use of space-baled laaer weapon s,ateml to interfere with 
Soviet satellites uled to verif, coapliance witb 8trate,ic arml control aaree
ment.a--aa oPpoled t.o development, teatina, or deployment of aystems that could 
be uaed in aucb rolea--ia prohibited under the provilions of the ABH Treaty 
(Artiel. XII). aDd the SALT I Interill qre_nt (ArUcle V) t and the SALT II 
A,reement (Article XV). 

(D) Several provilion8 of the Outer Space Treaty are repreaentative of the 
illage the U.S. has maintained on the uae of apace but do not prohibit tbe 
deployment of laaer weapona in space. In Article III, the a1lnatoriel aarae 
to the Wle of outer apsce for activitiel whicb are "in the inte .... at of l18in
tainina international peace and security and promGtin& international coopera
tion and underltandina." In Article IV. the P.rties undertake not. to place iD 
Ipace "an,. objects curyina nuclear "apons, or any other kinds of weapons of 
maaa destraction." Article IX requires international conaultations prior to 
any plaaned activity or experiment, if the sponBor of such activity or exper
iment bas realon to believe it would cause potentially harmful interference 
with the peaceful apace activities of others. 

2.10 (U) DiscUlaion of QRtions 

CU) Four optioos were considered to illustrate a ranle of levels of effort. 
Tkey are not meant to be exclusive, that ia intermediate or mixturel of thele 
optionl are equall,. credible. In particular, if tbe option to accelerate tech· 
noloIY development were lelected, the one presented below (Option 2) could be 
decrea.ed in scope to reduce costl with a corresponding delay in achieving a 
given level of technical capability, or could be incteased in scope to addre.s 
a wider variet, of pOlsible technol081cal innovations. The particular effort 
deacribed in Option 2 ia baaed on r.lolvinl the technical uncertaintiea with 
respect to the uti lit, of Ipace-based llaer weapon. in the shortest time con
sistent with an orderly pro&ram. 

1. (U) Continue with the currently planned level of effort to develoR 
technolou:. 

~ Thi. program will result 1n a apace demonstration of pointin8 and tr.
ina and around dellOnltration of the technology to 'support a brigbtness of 

~ 'f.A F' \. &oJ (II-? (&)/ '3 . '3{ ~X' 'i) OSD 3.3(b)( tf) U-1l""", 
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1987. It includes If.raited technology work on advlIlced laser devices 
hiahe~ brilhtness. It ia not intended or structured to ~esolve issues 

aaaociated with development of space-baaed laae~ weapona. Deciaion on an on-orbit 
demonatration or apace-baaed weapon .,.tem development, based on luccellful 
completion of current efforts, could not occur before 1987. 

(U) Thia is a conservative approach which concentrates on development of tech
nololY for future decisions on weapon systems. It is not structured to support 
a weapon systems development and the additional technolosy effo~t required is not 
consistent with a space-baaed laser weapon system initial ope~ational capability 
before 2000. It does maintain technical competence and awareness to pe~it evalua
tion of Soviet proaresa. 

2. (U) Accelerate tecbnolog development. 

~ This option is directed towards re.olvin8 rapidly the currently known 
major tecbnical deficiencies/uncertainties. It provides a better basia for a 
deciaion in a timely fashion for an on-orbit demonatration of a space-baaed 
weapon syatem. It addresses the technololY issues in surveillance, ta~8et 
wine rabi l1ty • lethality, countermeasures, space-based laser su"ivabiUty, and 
command and cont~ol as well a8 pa~allel development of advanced laser devices. 
Aa illlPo~tant element of the effort 18 development of tecbnolosy for U. S. response 
to a Soviet space-based laser includinl hardeninl and countermeasures. The 
prol~am defined addressea on a tecbnolosy·limited schedule only those isslles 
essential to reduciDl the risk and technical uncertaintiea associated with a 
decision to proceed with a demonstratiOn or weapon system. 

~ This option, aa described, permita a deciaion for weapon s,.tem development 
based aD technololY demonstration and therefore reduced risk to be made two or 
three yeara earlier than Option 1. Feaaible initial operational capability of 
a apace-based laser weapon could be as early as the late 1990's. It requires 
a rate of expenditure (approximately $250 million per year) for four or five 
years which ia hiaher than any other technolosy effort underway in the Department 
of Defenae. Lower levels of effort would stretch out the decision date and/or 
increase the risks associated with such a decision. 

3. CU) Perfo~ an on-orbit demonstration of a !Race laser intearated 
with it. gPtiC8 and 20intina and tracking .ystem in addition to an 
accelerated technology proaram. 

~ A decision now to perform an on-orbit demonstration could result in a 
launch as early as 1988 at a coat of $2 billion for the demonstration with sig
nificant risk in achievin8 that schedule at that cost. The technololY effort 
deacribed in Option 2 is required to support the On-orbit demonstration. The 
total cost for this option is approximately $5 billion at annual rates between 
$400 million and $800 million. This option reduces by five or aix yeara the 
time required to do the on-orbit demonstration from Option 2, and the time for 
eventusl deployment of a space-based laser weapon system by six to ten years. 
This ia a hilh risk program with substantial costs. 
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¢ Under this option, a weapoa .y.tem :Laltia1 operatioaal capab111ty 1a the 
mid 1990s may be pOllible. It permit demoaltratioa of U.S. technical capabilitie. 
ia aa advaaced techaolol1 area t provides aa early focu. for the tedulolo8Y effort 
deacribed in OptiOll 2, aad forc.a aear .. term attention to "real-world" ensineedns 
and latearatioa is.uea. Witbout a commitmeat to eveatual developmeat aad deploy
ment of a space-ba.ed laler weapon IYltem, tbe effort could be dead-eaded. 

4. CU) Devel~ the e.rlie.t, feasible ••• ce-baaed laser wea.oa alltea. 

~ Thia i8 the bilbeat risk option. It could produce, at the earliest, a 
space-baaed laaer weapon capability by 1994 to perform aatisatellite mi.siona. 
It will not produce a system with, or techDolo8Y fouadatlon for, ailalflcaat 
Irowth capability to accomplish aatiaircraft or balliatic mislile defease missioa8. 
Because of the very biah levela of tecbaical risk associated with this option, 
the co.ts and .cbedule. a.sociated with prototype development aad a subsequent 
weapon deployment must be coasidered even more uncertain than those given in 
other optioaa. The cost tbroulb prototype demoastration will be no less tban 
$4 billion and it caa occur ao earlier than 1990. 
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3.0 (U) POTEHTIAL UTILlft or SlACI-BASBD LASERS 

3.1 (U) Introduction 
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(U) Wlth the potential to project destructive enerlY levels over Ireat ranles 
at the apeed of liaht, laser weapona offer unique capabilitiea. If thele hilh 
eoerl1 laaera can be b.aed ln apace, their capabilities are freed from many of. 
the const.rainta illlpoled by the earth' a atmoaphere and, additionally, the 
weapona could be brouaht to bear over almost aay leolraphic area very qUictly. 

(U) The attractivenelS of thele powerful potentiala to tha weapoa system 
desilBer is clear. However, the actual value of a space-baaed laaer in any 
apecific military m181ioa dependa 00 a variety of factors. Tbese iDClude the 
expected vulnerability of the taraeta, aeometric coaaiderations of raDse and 
coveraae, the abilit, to combine the space-based laser witb lurveillance and 
other system components to accomplish the whole job, comparisoa with alternate 
meana of accomplishiDI the same misaion, aDd the abilit.y of the apace-b.aed 
laser system to aurvive to the exteat neceaaary to accompliab ite purpoae. 
Givea all theae factora. the followtaa discussioa addresaea which of the 
pos.ible applicatioDI of space-based laser weapons appear promieinl and which 
do not. 

~ The low alt.itude apace-baeed laaer baa coaaiderable poteat.ial aaaiaat 
aatellites whoae orbit briaaa them below about 5000 km. The apace-based laser 
is part.icularly attractive whare very rapid nesatioa of larle numbers of luch 
_,_itel i8 required. A space-baled laler system with bri,htness of •. 

r hiaher could provide this aati.atellite potential. However, it 
ia not c ear that. a space-based laaer il a COlt effective lolution for this ia 
compariloa with other methods of achievia, aDtiaatellite capability oaless the 
vary rapid respoaae ia needed. A apace-baaed laser system built for other mia-
8ioa8 will iaherently hav~ this aoti8atelllte capability. OSD 3 3(b)( £1) 

U. ~ A)= t. tf < 4t.\( e.J ( 1'. J (1,)(L./ • ~. 
(U) A proaisina military applicat.ion of s ace-based lasera appears to be 
a,a:lnst aircraft tarseta. Thia could provide a rapid projection of U.S. power 
and could, for example. aimultaaeously provide for defenae of the cODtinental 
U.S., fleet defease, and a capability for attack on airlift lines of supply and 
airborae wamina aDd coatrol aircraft syatema. The capability 1a unique iD 
that these are m1ssioDa we are Dot able to accomplish now except by usinl 
forward-baaed interceptor aircraft. 

~ 10 addition to a worldwide capability a,aiaat aircraft aad aatellite 
tar,eta, the apsce-baaed laaer has poteatial for ballistic miasile defease 
wi.th vary advanced tecMololY. Several of the major reasona are: 

(U) Tbe laser caD eala.. the balliatic miasi1e i.a the booat or 
bus pbase. wbere multiple weaponl can be killed aa a sinale taraet. 
10 addition, ia the bua or booat phaae the mi.sile is more e •• ily 
tracked, il more vulnerable, and is not located over U.S. territory. 

(U) The apace-b.sed laser could defead a dive rae .et of target. 
against attacka by both ICBMa aad SLIHa. 

3-1 
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(11) However. the lpace-baaed laler (or for tbat .atter aa, ailllle weapoa s,at.a) 
caaaot provide s ataDd-aloDe capability to limit d"'le to the V.S. to levela 
that could IIOUV.te • _jor atrate.,. chaaae. Cou.p1ed with. .idcou.r •• aad ter" 
aiaal pbaae ba1li.tie mi •• i1e def.... sad aupplemeatad by civil .ad iad .... tri.l 
clefea.e plaaai .. " it could offer aa eveatu.al poteatial for d __ Ie limitt .. . 

(V) The .u"ivability of tile apace-baaed laaer syatem alaiaat a coaeerted 
• .....,. attack is a _tter of eoacera. There:l.a little doubt th.at a laa.r 
battle atatioa eou.ld be deatroFed ~ dedicated attackera. A apace-baaad laa.r 
a,.ta. woII.1d ea .... e a _jor shift ia the .iU.ta~ balaace if aot cou.atered, 10 

it ia clear that the Soviets would work toward nesation of the aystem dartns 
tile period it would take to develop ancI deplo,. Hore work _~t be do .. in th1a 
area before survivabUity is well UDdentood. 

"..J . f 

oo .. 1derlble poten~ial acainst aatellite. ill la 
ZO.lJ.CJllUIJ apply. 

few a. two .pace-bl.ad la •• r atat:l.oaa 
tile JCS requiremeats for "aatioa of 

taraets caa be 
Even a lillli. 8'OIIlCII"'blI8tICl 

~ 

(U).< The principal benefit of a .,ace-ba.ed laser aatialtellite weapoa 
i. the very rapid neaation rate aad the relative iDl8DIitivity to 
th.e auab..... of tn'aet. to be .. aated sad tile agaber reqGtdaa near" • I _, ) 
ai_Iuaeolll kill. J) tJl t "1 l" 

t..{ ~~ F \. L4 (4.), (tL); :a-.. 1[J.)(4) OSD 3.3(b}( 'i ),('J ~ 
*(V) This i,aor •• apeciUc w.ak poiata luch aa .euora. aateaaaa. and the 
11ke so • aivea eatellit. lIiabt be au.ch .oftelt' thaa tbe valuea aiv.a. 
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(U) Thus, the space-based laser would provide an effective antisatellite capa
bility aithoush the coat effectivenesa of a stand-alone space-based laser for 
this role should be fUrther compared with other methods of achievina the same 
capability. If a space-based laser system i. deployed for any other purpose, 
it would inherently have a powerful anti.atellite capability. 

3.3 (U) The Antiaircraft Application 

(U) It is obvious that an ability to destroy aircraft worldwide would provide 
a powerful military capability. The characteristics of a .pace-baaed laser 
weapon Iystem sUllest that it milht be well matched to this role. 

(U) A typical space-based laser deployment will provide worldwide coveraae, 
perhaps with lome aaps in the inltantaneous aeolraphic cove rase which are 
filled in time aa the constellation moves. If one laser battle station 
faila or is destroyed, this createa or increaaea the lapa' but the effect 
i. limilar. The laser kill mechanilm ia rapid and non-nuclear, implyina, 
for exa..,le, that it could be uled in conventional a. well a. nuclear 
conflicts and that it could enaa.. more quickly than forces not already 
baled in the area. The total system 8ize and cost for the ranae of 
ailsions conlidered il driven by the requirements for peak kill rate, 
~lyinl a prefereatial role ia exteaded time .(e ••• , antiaircraft) 
rather thaa Ihort time (e ••• , antimissile) enaalemeats. 

(U) The aaps mentioned are more thaa a minor factor siace a linlle laser battle 
statioa may not survive a dedicated attack, elpecially in a nuclear enlalement. 
If, for e...,le, the space-baled laler role is killina many closely spaced tar
gets in a short period (as it would be ia a damale limitinl ballistic miaaile 
defense), the removal of a amall fraction of the ,tationa could reduce the 
effectiveneas of the laser aYltem at the crucial time. If, oa the other haad, 
the role is oae of attackina an airlift which tatea place over several hours or 
even days, even a few laser battle atationa could kill the aircraft involved 
over time aad the battle atation survivability is a le8s critical iSlue. 

(U) Thes. are some of the factors which mate the satiaircraft miasion 
attractive. The followiDl additioaal comment a apply: 

(U) 'oteatial antiaircraft mislionl include defense of the conti
nental U.S., fleet defense, luppreasion of Soviet airborne warninl 
and control aircraft, destruction of any airborne command postl, 
airlift interdictioa.* 

(U) Moat of the miaaions listed are characterized by 1081 fli&ht 
paths, repeated fliahtl over extended periods, or both. In either 
case, the existeace of lhort (coapared with aircraft exposure times) 
time aap. for aa, leoaraphic area 1a uaimportant aad its likely that 
a larse fractioa of the total laser battle station constellation 
could take part in the battle. 

*(U) Sinee the U.S. relies more heavil, than the Soviets oa aircraft in most 
of these roles, there may alao be stronl motivation for the Soviets to consider 
space-based lasera for this misaion aa well.. to consider counter-meaaurea to 
apace-based laser weapon syatema. 
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TABLE 3. 1 ftIIf' 
EXAMPLE SPACB-~ED LASBR FORCES 
FOR WORLDWIDE AIR DEFERS! (U) 

Ifumber statton! 
Estimated cost 

!Qru: D1 A t." (.J) $25 to 55 billion 

OSD 3.3(b)( ~ ) f ( " ) 

2. 

PUll equatorial covera,e without exploitable gaps may require some 
additional laser satellitea. 

Cost estimates include ROT&! and procurement. Upper value includes 
develop ins and uaina a new space launch capability and a new 
surveillance system and assumes three-year replacement for laser 
satellitea. Lower value does not include development of launch 
and surveillance and aSBumes five-year life Batellitel. 

(U) The antiaircraft role for space-baaed lasers would impose a 
corollary need for surveillance and tarset identification which can
not be met by any existins or prosramaed syatems. There are techno 1-
orr efforts addressins botb radar and infrared for space-baaed 
surveillance of aircraft, but theae would have to be pursued more 
allressively and intesrated with the space-based laser system to 
support a realistic antiaircraft role. 

(U) DF laaer wavelensths are stronsly preferred because of the atmos
pheric transmission properties, althoush other roleB such as anti
satellite and ballistic missile defense suffer mildly in comparaion 
with HF space-based lasera. 

(U) Since laser wavelenstba will not penetrate clouds, the cloud
free-line~of-sisbt statistics are important to establish expected 
performsnce, ObViously, tbe lower a tatset aircraft flies, the more 
likely it is to be protected by cloud cover, so within the con
straints of the aircraft mission, low-altitude tsctics must be anti
cipated. Generally, however, it appeara that Ions flisht time. will 

OSD 3.3(b)( "f ~ C ') 
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teanalate to reaaonable tarset expo.ure to the apace-baaed lasee 
while ahort flishts will allow the enemy to take advantase of local 
weather. 

3.4 (0) The Ballistic Hissile Defense Applications 

(U) There is strons motivation for coasiderins apace-based lasers for ballistic 
mis8ile defenae for several reasons. The laaer eDS8sea tbe ballistic mi88ile 
in the boost or bu. phase. wbere multiple weapona could be killed aa a ainsle 
tarset. The apace-baaed laser system could simultaneously defend a diverae 
set of t81'sets frOll attack. by both ICBHa and SLBHe. In order to make maxill" 
uae of ita capabilities, the space-based laser sYltem could .electively ensaae 
tarseta. The followiDS commenta apply to balli.tic lIiasile defenae. 

(U) Denyina damaSe in the U.S. from a ballistic mi.sile attack ia 
obviously aa overwhelmina rationale for aay defenae system. Such 
ltdama,e denial"* ballistic 1lli18i1e defense is not pOlstble by any 
ataad-alone, currently known aystem, and space-baaed lasers are 
no exceptiou. In tbe time frame of illterest, the Soviet ICBMI 
SLIK force will provide Oil the order of fifteen to twellty.thou
.aad reentry vehicle. (IV.) and achievable leakase level. could 
exceed ten percent." implyina well in excell of a thousand IV. 
landins on U.S. loil with defense by a stand-alone Iystem. 

(U) It is obvioualy difficult to quantify the value of reducins the 
number of weapona detonated OD the U.S., for example, excludins 
those in out ICBH-base areal, from perhaps 6000 to 2000. 
Generally, the destruction would be very aevere in either case, 
and the value of damase limitiBS with a atand-alone syatem ia 
uncertain. 

.. v ... :. ...... to limit. a.I .. I~e • from a 

as follows for the laser weapoll 
DrjL .... tn4' •• .Le'lrtu,a of iBtereat, against an attack of 1280 ICBM booaters 
(IO,OOO counterforce aDd 2,000 couotervalue warheads) aad 528 StBM boostera 
(4800 warheads): 

USA F ,. t4 (""~ ( fl.); ? _ :;l r ;l( l.{) 
t>IA L4(ci) 

OSO 3.3(b)( 1 ) 
*(U) "Damase HmitiBS" ballistic missUe defenae is taken to mean seneral 
defense of the populatioD aDd the oatiooal reaources in order to reatrict 
the deatruction (a. oppoaed to ICBH defenae which implies protectioB only 
for our hardened ICBK offeBaive forces). uDalIIase deBial" ill just the 

of aa.H.:e 
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~/·t(4) 
Number battle stations 
lO-year coat ($B)* 

Number battle 8tatioDS 
10-year cOlt ($B)* 

Number battle 8tatiODS 
10-7ear cost ($8)* 

S4 11 
100 to 200 

165 25 
300 to 500 

285 37 
500 to BOO 

(U) It is not poasible at this 8tage to provide aOJ .aaningful estimatea of 
the cost of the ultraviolet or visible systems because of the extreme extra
polation be70nd current tecbnololY required for 8uch an estimate. These are 
minimum-sized constellations to achieve tbe requisite kill rates and do not 
include al10wancea for failures, enemy disruption, etc. 

(U) Another approach for dams Ie limltiDI miaht be the combination of a space
based laser S7stem aDd a conventional ballistic missile defenae syatem. Witb 
the space-ba.ed la.er system of the same masnitude described above, and an 
effective exoataospheric ballistic missile defense syatem, 1't might be pos8ible 
to reduce the damaae levels. For example, if each system individually could 
achieve 20 percent of leakaae (thia is a realistic but not easy goal), the 
combined leakaae would be about 4 percent or a few-hundred reentry vehicle8. 
The followinl comment8 apply: 

(U) Bach of the space-based laaers and conventional systems should 
be sized witb robustness (includina surveillance and launcb vehicles) 
for the anticipated level of attack. 

(U) Parallel developments of the space-based laser system, exo
atmospheriC ballistic missile defense system, and civil defenae 
are needed. 

*(U) Cost estimates include RDT&E and procurement. upper value includes 
developina and usins a new space laUDch capability and a new surveillance s,8tem 
and aaswae, tbree-year replacement for laser aateilites. Lower value does not 
include development of launcb and 8urveillance systems. and assumes a five-year 
satellite lifetime. 
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(U) A space-baaed la8er avstem to protect the U.S. ICBH force ia similar ia 
size to th.t for d ... se Itmitias. In either caae, the ayatea auat deal with 
all ICBH. launched, altho. the ayltem for the defense of the missile force 
will be aomewbat smaller aince it can tolerate hisber Ieakase rates. 

(U) There are leaa demandins ballistic miaal1e defenae miasiona which miakt be 
considered for space-b.sed l.aers. Ix • .,1es of those examined include: 

(D) Defena. asainlt pre-eaptlve SLBH attacks; e.S, a.ainlt national 
command authority; comaand, control, and communicatloBl, etc. 

(U) Defeae as.inlt relatively ... 11 attacka luch aa third country 
or accident. 1 lauachea. 

(0) Survival of the apace-baaed laser weapon stations il critical. Since 
typically only 20 to 30 percent of the Itationa will be in a position to ensase 
the XCIIII ia. a scenario of at.&ltaneou launch, the removal of a ama11 fraction 
of theae cou.ld defeat the purpose (i.e., damase denial) of the ayat_ until a_ 
satellite. are repoaitioned. 

(U) It shou.ld be noted that there probably are aisaificant aa,.metries between 
the U.S •• nd USSR in meaaurin, the value of apace-baaed 1a.er ballistic mi.aile 
defea.le. For example, a laaer weapon syatem ua.d in conjunction with a maasive 
firat strike asainlt the U.S. land-baaed ICBH force misht be quite effective. 
Thus, it ia important to develop a baae of underatandin8 which would allow ua 
to coua.ter a Soviet space-baaed laser deployment. as part of maintainina a 
viable aecond atrike leaK force. Thi. implies development and understand in. of 
bardenina technololY, sround-baaed la.er antisate11ite capabilities, and appro· 
priate other weapons to be u.e~ 8.sinat apace-based laser system •• 

We would expect to see at leaat 
• With current Soviet 

PI" L 4 r ~) OSD 3.3(b)( '1 ) 
t1S'~ Ir'-l (~~(I.,~. 1.' [6)(4) 3-1 
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CU) ».ployi .. a Ipace-baa.d la.er .Ylt .. ia a m.jor and Vi8ibly obvioU8 Itep 
Ind would only be dona to create a dramatic advent.... If, for example, the 
apace-based lal.r Iy.t.. threatened a major fraction of the Sovi.t ,trat.sie 
offenlive force or .nd8nler.d all of their aircraft, wherev.r located, it 
would become a prime tarlat for couatermeasure. and would warrant enormoul 
commitment of resource. to neutralize it. In the two decades beinl proj.cted 
for UI to deploy an effective Ip.ce-baaed la.er weapon ay.te., the Soviets 
could deploy count.rm.a8urel that would lilnificantly impact the abl1i~y of 
the la •• r sYltea to perform the ai'llona of intereata. 'ar.et hardenin. bas 
been discussed in Section 3.2, 3.3, and 3.4; thia section discusael surviva
bility. 

(D) The aurvivability of the la •• r weapon Iyatam aaainat a concerted enemy 
attack ia a Mtter of concern. There is little doubt, that like mo.t weapon 
SYlteml, apace-baled laser battle atationl could be deltroyed by a dedicated 
attack. Aaalysla to date of .urvivability is iiaited and this lack of analydl 
il • major c .... t for all of the conclulioDl drawn. 

(0) It is difficult to :lIIaaiDe the Sovieta or U.S. watc:hi .. the lauach and 
al.ambly of a conltellation of weapons in spaca that could even be perceived 
al potentially tiltin. the Itrateaic balance without takin. some strona couater
mealure actione, Neither lide t. likely to pe~it It to be done by the other 
and any planned deployment of epace-baled laaera muat take this po.sibility 
into account. 

(D) Satellite. are vulaerable to threats ranalna from impact weapona to 
nuclear effects at Ions ranSee. The apace-based laeer must be able to cope 
with threate to aUrYive. To accaa,lilh tni., the space based laaer .aet be 
able to employ all of the _aeurel that other weapon Iyst.... Wle to .illialaa 
the impact of attack' t 1. e. t ensaae and deatroy the attackers before da.aae, 
avoid the attackers, and de81an syateM. and deploy force aize. that are 
reaiatant to aianifieant d .... e from credible threatl. Tni. co.,lex inter-

. action of forcea haa not be examined. Rather, the followin. coaaentl are 
baaically addreased to a alnsle laler atation defendina itaelf. 

~ The exlatillS Soviet conventional eo-orbit.l antiaatellite weapon 
haa little credible capability a.ainat a apace-baaed laaer ollce 
it ia oper.tial but could be uled to attack the station durin. 
deploJllllnt. 

~ A Soviet mirror-Imaae of the U.S. Miniature Homina Vebicle 
anti-satellite weapon repree.ntl a areater threat, a.ainat even an 
opera tina Ipaca-baaed laser. The Hiniature Komlna Vehicle may 
be either air launched an F-15 or lofted with amall boolters 
(SIWt-AL'l'AIR) whicb IIOte difficult to detect than 
an Ie. or SJ.JH .... lIra ... II. 

U~A~ Lt.((o-~l~J 
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Hiniature Komill8 Vehicle could ............... : 
baaed laser if it located 

t-t 1A F I. "1 (--)1 I/.) i ). l ('It L(l 

OSD 3.3(b)( '1 ) 
(U) Another threat to the space-baaed laaer is the "space minen or "fellow 
traveler. It This concept is a convenUolld or nuclear weapon lauaclled {lltO 
orbit accompallyilll the prospective tarlet (the space-based laser in this 
case). It would be possible to detonate the space mille Oil the baais of either 
around command or autollomously. The space-based laser system problems thell 
would be to prevent the mille from ever aettinl within lethal ranae in the 
fifst place. Alsumins that tllese mining tactici can be reco.nized wilen first 
employed near indiVidual space-baled laser stations, the space-based laser 
would have to enforce a aterile zone around each space-based laser. 

(/tAI""~ 050 3.3(b)( t( ) 
(U) Finally, in direct attack, a laser antisatellite weapon must be cOllsidered. 
Several analyses of th~ spacewbaaed laser satelltte defense weapon vera us anti
aate11lte weapon have been underta~n with the common assumption that our tech
llololY il always better than the Sovietl 10 that our satellite defense weapon 
haa a brightness well in excess of the attackina antilatelUte weapon. All 
other thinas beill8 equal, our more powerful space-based laser wins in the 
encounter as would be expected. However, considering that the Soviets have 
also invested heavily in this area and that they too have 20 years to compete, 
this a priori assumption of superiority may not be reasonable, particularly 
aince there are current claims that the Soviets lead us in this area. A 
around-based laser antisatellite weapon may alao be attractive as a counter to 
the space-based laser, although there haa not been an adequate analysis of the 
space-based laser Iround-based laser battle to be sure of this. 

(U) None of these threats are conclusive and the foree-on-force aspects have 
not been adequately examined. However, the survivability of the space-baaed 
laser system asaiftst a concerted enemy attack remains a matter of major concern. 

3.6 (U) Cost-Estimating Uncerta11lt1es 

(U) All of the costs quoted are hiShly uncertain. Only conceptual des1sns are 
available for space-based lasers. There is little choice but to use historical 

3-9 
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costl baled on spacecraft we have built, aDd extrapolate spacecraft coat by the 
Itandard approach of C08t per unit weisht. Of courle, the weishtl are allo 
uncertain. Laser syatem cOlt8 can only be estimated ullns belt enSineerins 
judglent by extrapolatins from the state-of-the-art of subsystem component8. 
While the eltimates include factors for surveillance, acquisition, trackins, 
command and control, and the like, the8e systems have, in seneral, not even 
been de8ianed, thus addina to the uncertainty in cost e8timates. 

3-10 
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(U) This section describes the current prolrams which collectively fo~ the 
tecbaololJ base for space laser development. 10 attempt bas been made to make 
the discussion complete; rather, emphasis bas been placed on the major prolram •• 

4.2 (U) DARPA Space Laser TRIAD Program 

CU) The DARPA proaram is structured to develop the key technoloaies required 
for a space-baaed laser weapon system. The focus of the prolra. is the apace 
laser TRIAD: ALPHA, LODI, and Talon Gold. 

1,. 1· t'.'- 1) A." OSD 3.3{b){ .; ) 
The ""elL-LV',,, of Optics Demonstration Experlment (J.ODB) is to 

demonstrate the critical beam control tecbaololJ essential for the development 
of space laser weapon systems. demonstra-
tion of the ability to manufacture a mirror t wave-
front control and alilnment, 'larle structure , and enerIY man-
asement iin aln ove

1
rall b~contirol I'dstem that YieldSbbeiltter. than " 1 Wi 

wave opt ca qua ity an crora ian pointinl sta ity 10 a 8 mu ate~ 
operational environment. e actual demonstration will be conducted in Iround-
based facilities u.inl a low power laser and simulator techniques to establish 
with high confidence the required beam control performance. The prolram is 
currently in the concept definition phase. The preliminary desian review and 
critical desiln review are schedular for mid rY 1981 and late FY 1982, respec-
tively. Low-power testing with a. Ipr~heduled 
to begin in the fourth quarter of n 1984. Testinl with a_will 
follow one year later in n 1985. 

~ The objective of the Talon Gold Prolra. is to develop and test the ad
vanced acquiaition, trackina and preci.ion pointinl capability required by a 
space-baaed laser weapon sy.tem. The major elemeat of the prolram is a space
based, low-power laser experiment which will demonstrate the technololY for 
eold-body a~kinl at ranges up to 1500 km with a point ina 
accuracy of.~ The test program will be conducted as a sortie 
fliaht of tHe apace shuttle, and will utilize both hilh altitude aircraft aad 
space tar8eta to obtain realistic taraet kinematics, aianatures and backarounds. 
Thia work baa only limited value for ballistic misaile defeose applications of 
space-baaed lasers, since it 1s not desianed to cope with missile-type tarsets. 

lA. 1',. F l.l-{ l JL.)/( e.]; J. 1> [ ")(4) 4-1 -" 'It ~ 

OSD3.3(b)( '1) S,..,r Dt\Ju ..... · 
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J,B'f The prolram ia curreatly ill the prelilliaary deaila phale with prelimiaary 
deailn review scheduled for the third quarter of FY 1981. The critical desisa 
review will occur ia aid FY 1983, and the launch and space teat are anticipated 
to o~cur at the end of FY 1986. 

4.3 (U) 'technololl Base DevelOPment 

(U) TechaoloIY base development efforts include the DARPA funded Hovel ResODator 
Prolr .. , the objective of which is to develop, throulh analysis and experiment, 
advanced resonator concepts for cylindrical chemical l.sera in the S to 2S MW 
power resiae. Similarly t the Army supported Chemical ta.er lozzle Teelmolog 
(CLHT) Prosram i8 developina aecond-aeneration, low-preaaure nozzle concepts 
with improved performance and fuel efficiency. The DARPA taser Scalinl Evalu
ation Prolrall (LSBP) is developins an extensive data bsse for the temporal, 
spatial and spectral characteriatics of a low-presaure BF chemical laser lain 
medium. 

r/fIf Deutedura fluoride chemical lasers have demonstrated the highest averaae 
power to date in the DoD hilh energ laaer proar811 althouah none of the or 
chemical laser prolrams is specificallM!IDed to demonltrate Ipace laler 
teebDoloIJ. Power levels in excess of have recently been achieved and 
other experimental hish power Dr lasers ve been integrated with optical 
pointinl aystems for demonstrations which exceed 100 second. of run time. 
Cylindrical Dr laser8, which are desianed to Icale to multimeaawatt power 
levela, are currently heine developed by the Air Force. The Hodular Army 
Demonstration System (HAOS) ia an Army Dr laser which has demonstrated 
operation with low cav~YS'PA~'r~e-1 ('>1 (e' j , .1(1, ]('1) OSD 3.3(b)( "") 
~ The Small Hiah Power Optics Pros ram (SHOP) is a DARPA sponsored effort to 
develop advaneed mirror delian coneepts which provide improved heat transfer 
performance at reduced Jitter. The ADOPT (Advanced Optical Teehnique) Proaram 
i. addre.aina desian concepts for larle aperture beam control .ystems up to 30 
meters in size. The objective of the ACOSS (Active Control of Space Structures) 
Program la to develop the teehnoloaY to actively control the structures for 
such larle beam control system •• 

4.4 (U) Advanced Laser DeveloJ!!!l!!lt 

~ Current DARPA efforts relevant to advanced strategic laser weapons utillz
inl around-baled laaers and space relay mirror(s) include device technololY for 
excimer and free electron laaera, aa well as some elements of the beam control 
technololY. The lasera are in the very early stalea of development. Power 
outputs demonstrated to date have been very low. 
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CV) The current free electron laser experiments are to verify the analytic 
model. and to demonstrate efficient operation c.lOl) utilizina existina RF linear 
accelerators. These experiments will be continued to recover the RF accelerator 
electron beam enerlY followina itl interaction with the laser radiation in order 
to increase the efficiency to 30 percent. Purther plana include wavelength acalina 
into the visible spectrum with higher enerlY linear accelerators, RF linear 
accelerator stability experiments, and initiation of a moderate average power 
free electron laser to be completed in FY 1986/1981. 

(U) In the area of short wavelenath laser beam control, limited work haa been 
supported by DARPA, the Services, and the Deparbllent of BoerIY. Kirror coating 
techaoloIJ for ultraviolet lasera, deformable mirrora for compensated !magina 
and the NASA large space telescope are examples of this. Furthermore. there will 
be some technology fallout from the DARPA Strategic Laser Communications Proaram 
that will be of benefit to the hiah power vialble laser beam control program. 

CU) The current Balliatic Kilaile Defense Advanced Technolo8Y Center advanced 
laler prolram hal two potential laser candidatea under development - chemically 
pumped viaible laaers, and electrically pumped vibrational-to-electronic enefIY 
transfer laserl. The viaible chemical laaer would use the reaction of tin 
atoms with nitrous oxide to yield a population inversion in tin oxide and po
tential laainl at 570 am. The vibratioaal-to-electronic laser concept is based 
upon the resonant transfer of enerBY between the vibrational states of carbon 
monoxide and the electronic excited states of nitric oxide. The resulttns 
laser would be ultra*violet, yet retain the pumping efficiency possible for 
vibrational excited states. Current efforts on both proaralDa are concentrated 
on demonstratins laaer action and determining the critical kinetic rate 
constants. 

(U) Currently the Air Force is developinl the CW chemically pumped iodine 
laser and the potential magnesium-calcium (M&-Ca) transfer la8er. The CW 
iodine laser, developed at the Air Force Weapoaa Laboratory (AFWL), produces 
excited 0XYlen in a "chemical generator." The oxygen then transfers its enerIY 
to atomic iodine, which lase8 at 1.315 micrometers. The iodine prolram has 
demonstrated that maal flow effiCiencies of 100 kJ/kg can be achieved in the CW 
iodine laser; however, the physical size and preBaure of the current chemical 
lenerators are not yet suitable to weapon applications. The current thrust of 
the prolram is to resolve uncertainties in critical kinetic rate constanta and 
to demonstrate Bcaling to tens of kilowatts. The Kg-Ca concept utilizes a 
chemical generator to produce excited H8 which transfers itl enerIY to Ca which 
la8e8 at 657 DD. Currently, the Air rorce is developing aenerator tecbnololY 
for thil concept and il funding studies to determine the critical kinetic rate 
conatants. 

DRAFT 
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5.0 CU) 

5.1 

CU) The aection p~eaents prolram options to acc.lerate the re.olution of 
technical unce~taintiea in the development of space laser weapona. Theae 
option. are ba.ed upon an in depth a ••••• ment of the current at.te-of-the-art 
of la.er technolo." the major findl .. _ of which are aa follow.: 

1. 

2. 

3. (U) An on-orbit feaeibilit,. dMOaatration Is a nece.aary atep 
toward weapon degelopment. 

4. 

5. Siaaificant uncertaintiea muat b. reaolved before a confid.nt 
commitment to weaponi.ation can be made. Theae uncertaintiea 
are a •• ociated with technical feasibility, threat vulnerability. 
laser survivability, and total weapon .yat. cost. 

(U) The efforta to re.olve the uncertainties fall into four leneral eatelories: 

1. (D) Achievina the required state-of-art in the technology baae. 

2. CD) Understand!D, the .,.st .. enaineerlnl i •• uea luch as surveillance; 
coa.and. cont.rol. and cOllDUllicat.iona; and transportation to the 
depth needed to support fundamental a ••••• ment. of utilit,. 1n 
military mla.lon8. 

3. CU) Dete~iDinat to the depth needed for confident assea.ment and 
projection, the lethality of a laser weapon a.ainst the current 
tarlet baae and alain.t a re.ponsive tarlet ba.e hardened 
alainat laser radiation. 

4. CU) Alaesaina the syatea and force level survivability of a apace 
laaer deployment a.ainlt a dete~ined attacker. 

5-1 DB.At'f 
-r 



r .\ 

& 

DECLASSIFIED 'N PART 

". IT Chief, Records & Declass Dlv, WH! ~ 
Authority: EO 13528 

) Date: 
U 1"'1\ 'f (. if '" A.,)I(~); 3,,' (h)( c.I OSO 3.3(b)( 4 ) JUl 2' 2014 ' 

The options consider the pace and degree of risk at whtch oae adirelses: I (U) 

r.f."UIIlad to be 
ta1~e-or··~~~lrt)rightaess 

(U) Rellolutioa. of tuttal "elLlineerina" iBlues (lize, weiaht, Ipace 
qualification, space craft intearation, etc.) 

(17) Resolutton of iaithl "lethality" i.sues (analysis and experi~ 
menta on tarBet vulnerability and responlive cOUDte~ealure.). 

(U) State-of-the-art advances laser devices aad beam control for 
growth potential. 

(U) Laser .yatem aurvivability ilaues (hardeniDB, countermeasurea, 
tactica, lelf defeDse). 

(U) On-orbit, weapon-level fealibility demonstration (iDtearation; 
ca.and, control, and c~icationa; surveillance handover; 
lethality) • 

CD) lnaineerina developaent to prototype weapon. 

(U) The four optional development proarams described below prelent inereaaiDi 
levels of acceleration of the .pace laser prolr... They can be characterized 
as followa: 

(U) OPTION 1: Continue with current level of effort of technololY 
development. 

(U) OPrIOI 1: Accelerate current technolol7 proaram to reaolve key 
technical uncertainties at an early date. 

(U) OPTIOI 3: Perform an on-orbit demon8tration of a spate laBel' 
intearated with ita optic8 aad pointina By8tea in addition 
to an accelerated tecbnololY pro8ram. 

(U) OPTION 4: Develop the earlieat feaaible apace-baaed laser 
weapon system. 

5.2 (U) ORUon 1: Contiaue Current Level of Effort 

JIll'" !!!!!!!.. Thia option haa the typical of develapins a level of technololY 
that wl1l provide a b •• i. for deciaion. to proceed to an on-orbit feasibility 
dellOnatrat:J..on or to weapon prototypina_ Specifically t a 
tRIAD ch .. lcal la.er techno at level. of 

Advanced concept. are, in the near-te~. 
ad~'an4I:eCl laeer devices. and nanoradian polntina 

accuracy. 

U."'A ~ ,.4 t .... ) (e)' '1.' (o){t(J 
I J 

OSO 3.3(b)( i) 
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(U) Schedulel8ileatoae8 are ahown iD riaure 5.1 and include a 1987 ca.,letion 
of the TIlIAD. 

OPTION I: CONTINUE CURRE~ LEVEL OF EFFORT (U' 

SPACE LASER TRIAD. 

ALPHA 

LODe 

TALON COLO 

ADVANCED CONCEPTS 

EXCIMeR. LASER 

fREB ELECTRON LASER, 

ACQUISITION. TRACK INC, 
AND POIH1"INO 

WI8 i'IGURB IS ... 

FY 12 .,. •• IS II ,f II .. 

l{t;'.Jlf ( .. J.(r~)I(eJ· 7. 3 (h)(t.() . OSD 3.3(b)(1 ) 
(Jrl ~. latima~ costa to accompliah the lOala of tht. opUoa are ahoWD 
in Table 5.1 and total $5868. 

TABLI 5.1 ¢' 
ESTIMATED COSTS err 1981 Dollars in KillioDs) 

OnIOI 1: COITIIUI CURRElCT LEVEL 01' IrlORT (U) 

TOTAL 
rr .!!!! Am !!§! !!!! !!!! 1982-86 1ii2-i8 

Space Laser DIAD 10 71 100 66 43 356 376 

Advanced (WI 19 23 32 35 40 149 210 
visible) Concepts 

TOTAL S9 100 132 101 83 505 586 

5-3 D~ 
SJPlfff 



DECLASSIFIED IN PART 
Authority: EO 13526 
Chief, Records & Daclass DivllS 
Date: JUL 18 2014 

5.3 (U) Option 2: Accelerate Tecbaolosy Development 

(U) Goala. This option provides an aaaressive proara. to advance the state
of-tbe-:art while providina for an examination by the mid 1980s of the most 
critical issues. It continues the serial approach of Option 1 by eatablishins 
technoloIY at the major subsystem level before beaiDDins any effort on an 
on-orbit feasibility demooatrator. Tbe proaram defined addresses on a tech
nology-limited 8chedule only those iaaues e.aential to reducins the riak and 
technical uncertainties alsociated with a decision to proceed with an on-orbit 
demonstration or weapon system. 

t,{ 1" {l F I. 'f eLI l'~} j J:r (~X1f) 
t'\ b 6. .. A.vJ.. oso 3.3(b)( '1 ) 

SPACE LASER TRIAD 

ALPHA 
LODE 
TALON GOLD 

UY /VISIBLE TECHNOLOGY 

OPTION 2: ACCELERATED TECHNOLOGV 

'1'1118 PlGUU IS Sill_ 

LASER LETHALITY/SURVIVABILITY J---+--........ --f.---4I.v 

WEAPON SYSTEM ENGINEERING 

5-4 
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fII'f~. co.t. of thiJ optiOll to cOllpletioa la n 1988 total $1325 .UUoa. 
E.timated co.t. are ShOWD ia Table 5.2. 

'fAiLl 5.2 urr 
ISTIKATID cosrs (n 1981 Dollar. iD Hl1110a8) 

OPTIOlf 2: ACCEI.BRATBD 'lICHlfOLOGY DBVEtoPHDT (U) 

TOTAL 
FY 1982 1m. An! ill! m! 1982 .. 86 1982 88 

Space taaer TRIAD 105 175 180 90 45 595 620 

70 80 90 60 10 310· SlO 

W/Viaible 20 25 35 40 50 170 230 
Tecbaolo8J 

Lethalityl 15 SO 40 30 115· US 
Survivability 

WeapoD s,.at811 10 15 15 10 50 50 
_iDeerin. 

TOTALS 220 US 360 2.30 105 1240 1325 

OSD 3.3(b)( 'J ) 
(U) There are maay variationa of Optioa 2 wkich will addresa selected portions 
of tile t.ecbnieal uocertaintie. with a reduced level of fuodina, but with a con" 
.equeat increase in risk aDd uacertaiDty in tile areas not fully funded. For 
example. aa alternate to tile Option 2 presented above could coaceatrat.e OD 0111,. 
a lialted Dumber of 181uea such as concept deflaitloa, utility alleaament and 
laaer aurvivability and lethality. 

5.4 (U) Opt.loa S: Perfo~ Oa-Orbit. Demonatration of SRace-Baled ta.erl 

. ~!!!!!. Thia optiOD c~it. no. to tile earlieat p08aible demonatration of a 
apace-ba.ed la8er on-orbit. It iacluda. the accelerated and eDb ..... teehDoloay 
effortl of Optloa 2 with additloAal acceleration of the Space taler TRIAD. Thi. 
optioa. therefore, provide. for a .id 1980a of the c..-itaeat. to 
a deIIonat&'atioa at. t.he cdtical utI.;a.p I:ev:.._ 

~ Schedule/Hile.tonea. • deciai .. to proceed immediately witb an on-orbit. 
demoDatrat.ioD (verified 10 FY 1984 and 1986) ylelda a fliabt in late FY 1988. 
Filura 5.3 coataiD. detailed aileatonea. 

5"5 
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SPACE LASER TRIAD 
ALPHA 
LODE • 
TALON GOLD 

.CHNOLOOY BASE 

'l'Hts PIGURI IS IJI!If"" 

UV IVISIBLE TECHNOLOCY BASE 

LASER LETHALlTY'SURVIVABILITY r-r;;.;.....t;;iCiPri-... 
WEAPON SYSTEM EHCINEERINC 

UV IVISIBLE' FEASIBILITY 
DEMONSTRATION 

JIIIf' ~OIt.I. COlt. to completion ill n 1991 total approxillately $S billion. 
Detail. are ahown ill Table 5.3. 

cit l' AFt·1 ("-),( L} ~ 'f. 'll,) l"f) ('(I) A"~ OSD 3.3(b)( 1 } 
TABLE 5.3 ptf 

BSTlKATID COSTS (lY 1981 Dol1arl ia Ki11ioaa) 
OPTION 3: ON-ORBIT DEKONSTRATION (U) 

!! 
Space Laser TRIAD 

.TeeIm010IY 

UV/Vilible 
TecbD.ololY 

Lethalityl 
Survivability 

WeapoD. BYlt_ 
Bnaiaeedo. 

J'eaa1bilit.y 

UV/Viaible 
J'eallbility 
Deaoaatratioa 

TOTALS 

!m 1983 

11S 190 

80 110 

20 25 

15 30 

10 15 

130 235 

ill! !!M m! 
170 

110 

35 

40 

15 

340 

710 
5 .. 6 

8~ 

105 35 

70 10 

40 50 

30 

10 

350 360 

65 95 

5 10 

1982-86 

61S 

380 

170 

115 

50 

1415 

160 

15 

mo 

TOTAL 
lii2-i1 

620 

380 

230 

115 

50 

1990 

950 

700 

494S 

DR.Arj.j 
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5.5 (U) ()PtiOil 4: Dnel!! Earlielt leasible bace-Baseel taaer "ft- !tatem 

~!!!!!!. This option accept. to be8in now to 
prototJ,Pe a Ipace laser weapon To reduce thi. riak, 
aa eDhaaced techllolo8Y development proara. iI eaecution of 
this optioa viii yield the earlieat pOlaible fliaht of a prototype apace laaer 
weapon in 1990 vitb taitial operational capability ia 1994. The capability of 
luch a syat .. would be laraely liaited to aati8atellite mi •• loaa and would have 
DO arowth poteatial to aatialy the more demandina .illioas auch aa antiaircraft 
or balliatic mia.Ue defea.Be. It:l.e reco .. Dded that thia option not be aedoualy 
conaidered. A .yatem with arester utility aDd arovth potential ia described la 
Section VI. It could a180 have a prototy.pe launch in 2000 and iaitial operatio .. l 
capability 10C in 2003. 

~;i!~~~~~~I' The _jor .UeltoM il an I'Y 1990 launch of a 
• • mileatou. are provided ia mid IT 1984 aad n 1986 

COlltlll1ue prototype development. Betai" are abowa in !'iaure 5.4. 

. ' 
TECHNOLOGY DEVELOPMENT 

onlRlt ,! MOTOTY£! DftEyHWNT lUI. 

py 

'l'JII.S 1'3:00. II ~ 
u.ln .... ., .. 

IVIVl\U11.1 

1-.............. -J.,.-.j~+--+--4I-.+-+--I--+~·II' 

~~. Coate to COIIpletioa i_ rr 1996 total approximatel,. $41. DetaUI are 
Ihowa ia Table 5.4. t 

t{ .t t\ I=' I-. of { '" ~ ( ~ 1 i ? H.}t1) OSD 3.3(b)( '" ) 

TABU 5.4 f.B'f 
ESTIMATED COSTS (JY 1981 Dollarl in Killion.) 

OPTION 4: DIVKLOP IABLIIB JlASIBLI SPACE-BASED LASD WBAPOI SYSTEK 

Accelerated Tech 
Development 

TOTALS 

*To 1988 

150 

220 

370 

270 400 

325 360 

595 760 
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CUH. TaTAt 
1982-86 ~982·96 

490 500 1810 2700 

230 105 1240 1325* 

720 605 3050 4025* 
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(U) The structure of theae option. aaaumes that a few on-Ioina technololY 
proaraml will continue and can be u.ed to implement any apace laaer weapon 
development. The, include: Teal Ruby, Hinl-Balo, and lIB. 
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6.1· (U) Introduction 

current 
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subsystems (aee SectioD IV). Options to accelerate space-based technology 
(Section V) build on the TRIAD program. Accordingly, the earliest on-orbit 

!Ie 10 ent of a space-based laser sY~ consist of constellations ofilil 
(or lesser) class weapons. A~stem would have reasonably good 

capab lity against low earth orbit satellites; however, an excessive number of 
space platforms would be required for multimissioD use, and no growth to useful 
ballistic missile defense capability is predicted. 

~ A space-based laser requires supporting segments including launch capability, 
surveillance and targeting, command and control, spacecraft housekeeping, etc. 
It was necessary to address the constituents of the total system in order to 
assess impacts on space-based laser effectiveness and to understand the naturel 
size/cost of everything needed to make a space-based laser viable. This section 
outlines the total system architecture needed to accommodate these factors. 
Later, system development planning, costs and multimission sizing are discussed. 

6.2.i (U) The four segments of the total space-based laser weapon 
system are shown in block diagram form in Figure 6-1. Each segment is discussed 
in the followin8 paragraphs. 
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TOTAL SYSTBH DDIRITIOII 

6.2.2 (U) Surveillance/Command, Control, and Coamunicationl Concepti 

/Iff Advanced _ •• 01' and cOMlnd, control, and coaaunicationl capabilitiel are 
required to realize tbe full potential of the apace-based l.ser, but modification 
to exiatina capabilitiea will lupport the system development tbroush a validation 
phaae. 

~ lipre 6 .. 2 abowl tbe elements of the surveillance/cOlElnd, control t and 
communications a,stem. The seneric structure haa aurveillance senlora detectins 
and track1eg tal:'8ets and providins target data to a command and control/opera~ 
tiona center. The cODaander of the space-based l8aer .ystea obtains weapona 
releaae authority from the Joint Cbiefa of Staff/Rational eo..and Autbority 
unless it waa previously deleaated to him. Taraet allocation and battle 
manaaement are accomplisbed in the operationa center. A miaaion control 
center--whicb pa •• e8 action commands to the laser weapons--.. y or may not be 
collocated with the operations center. Surveillance data ia pasaed over 
landlines and/or military communicationa aatellite. The control of the laaer 
weapon is accomplisbed via a military communications satellite link and/or 
direct link to the apace platforms. 

6.2.3. (U) Surveillance Segment 

~Rew Burveillance capabilities are required to aupport tbe responaive, alobal 
capabilities of a Ipace-based laser weapon I,stea. A .pace-based radar or 
apace-baled infrared s,ltea il required for aircraft detection and trackina. 
eo.,parative analyael between the space-baaed radar and tbe apace-b. sed infrared 
were not aade. lor miali1e detection, an advanced infrared syatem would be re
quired to dlscrt.1nate larse numbera of taraeta a1aultaneously and to provide 
vamina tiaes within a abort tiae after launch. A apace-b.sed infrared senaor In 
low earth orbit could lupplement the Space Detection and Trackins System and 
enhance the capability to detect newly launched and maneuver ina satellitea. 
Survivability of the 8urveillance aesment is a critical iaaue wbicb muat be 
acldrel.ed. 
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(U) F{lure 6-2. SURYEILLAlfCI/COHHAHD, CONTROL, AND COHMUNICATIOltIS .... OVBRVIBW 

~ Sensora aDd automatic procelaias are'required on the apace-baaed la.er 
platfoDQ to la.er in it. 
om defenae. 

_ incorporated into the apace platfotlll 

6.2.4 
'US't\F I. 'f l.t~l~)i ".1(')(4) OSD3.3(b)(t/) 
(U) Command, Control. and Coaaunications Seamant 

atf C~nd of a space laser veapon can be accomplished within the current Joint 
Ehiefs of Staff/unified/specifed command structure. Conceptually, the .pace
ba.ed la.er can be controlled by modifyinl exi8tinl capabilitiea. bowever. an 
operations center and mi •• ion control center were included in the operational 
concepts and coata. 

~ Communications with the apace-based la.er can be supported by allocatina 
exi8tinl comaunication chanael. on military coa.unicatioas sateilltea. Cross
I1nkias between synchronous satellite. will be required to command and control 
the .pace-based laser without OVeraea. atation link., The space platform .. st 
have trackinl communication. aatenaas to liak via military communicationa 
sateillte. A separate communicatioaa aatellite con.tellation was prlced to 
indic.te tbe coat impact if preaent coaaunication8 aateliite •••• t. were not 
allocated for apace-baaed laaer USe or if the survivability of exi.tinl 
communications latellitee prohibited their use. 
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~ Antonomoua operation il required in the space-based laser .ystem for self 
defense and ballistic milsi1e defense. The man-in-the-Ioop decision timelinel 
through the National Com.and Autbority to commander of tbe apace-baled.la.er 
.yatem can aupport the other mlaaioAl cOAlidered. The autonomoua operation will 
require greatly improved, high confidence target diacrimination by the surveill
ance s,stem. 

6.2.5 CU) Space Platfo~ Se8!!!t 

CU) The la.er weapon .ubayatema include: laaer device and reactant ,upply, beam 
control, acquisition and tracking sensor8. and sttack warnina 8ensors. The Ipace
craft subsystem. include: thermal control, .tructurel, guidance and navisation, 
attitude control, telemetry, trackina, and communication; electrical power; and 
propul.lon. The subay.tema were then intesrated into an overall apace platform 
configuration. The weiahts, volumes and orbital deploymenta of each of the apace 
platforms were estimated in order to determine launch vehicle requirements (see 
paraarapb 6.2.6) and onboard (spacecraft) propulsion requirements. 

6.1 for the three configurations 
~!!!!I!!i!!II!! . The mission eqUipment weights include 
~ of de.cribed above plua a continaency 

allowance of 34 percent of the dry vehicle welsht to cover bardenina and tbe 
weight growth that typically occur durins the detail de8isn phase. 

U. -rA F" L t( (t) '-t..J" ,. 1(-)(-( OSD 3.3(b)( 1) 
cu Table 6 .. 1. WIGHT SUMfWlY (Pounds) 

ITIIt 

His.ion Equipment (No Reactants) 
Spacecraft Subsystems 16,000 
Hardeninl and Contingency 17 ,900 
Laser Reactants 12,700 
Propellants* 11,600 

Total Orbitins Vehicle 95,000 125,200 190,000 

Aerospace SuPport Equipment 10,000 0 0 
Noae Fairinl & Adapter 0 1,000 10.000 

Total Cargo Weight 105,000 132,200 200,000 

*For altitude control and t.\ l' A r,: \. Lf r At ll( fr })" "':t. ~ 110) (4) 
orbit adjust sy.tem l' 

6.2.6 (U) Launeh Vehicle Sepnt M P;) A..J4A OSD 3.3(b)( i) 
~ Launch vehicles will deliver the space platfo~. to an initial low earth 
orbit altitude of approximately 150 DB (280 ka). Transfer of the space platfonDs 
to their operational orbits is.accomplisbed by onboard propulsion systems. The 
baseline shuttle now under development is the only launch vehicle programmed for 
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(U) J'ipre 6.3. LAURCB VlHICLI CAPABILITY TO LOW EARTH OnIT 

the future. A number of studies have been conducted of potential future heavy
lift launch vehicles includioa the sbuttle~derivative launch vebicle. Filure 6.3 
shows both the baaeline 8huttle and the band of potential 8huttle-derivative 
launcb vehicle payload weiaht capabilities to low.arth orbit. The sbuttle
derivative launch vehicle capability band ia baaed on the provision of a pay
load capeule fully encloaina the payload durinl launch. The lower edae of the 
.huttle-derivative launcb vehicle band is for shuttle enaines with solid boostera 
and a recoverable payload capsule; the upper edle of the band is for uprated 
en8inea plus liquid bo08ters aDd a nonrecoverable cap.ule. 

~ Fra. Fisure 6-3, it can be seen that the baseline shuttle capability is 
inadequate for launchinl any of the space-ba.ed laser. a. a sioale payload. All 
space platfora leoaths a180 exceed the current 60 ft (l8.3-meters) 1eoatb of the 
orbiter bay. Either a larler payload bay or multiple launche. are required. 
The diameter of tbe l.rse optical elements maat also be considered. Current 
studies eUlaeat that fixed elements of up to 6-metera in diameter could be 
accOllllDOdated by a shuttle-derivative launch vehicle. :ror elelHat.s 1ar8er thaa 
6-lHters, an en1ar8ed ahut.tIe-derivative launch vehicle payload cap8ule or 
on"orbit erection/a88embly will be required. The development of a launch 

,hl1tt1e'~detri'"at~ive launch vehicle appear •• andatory for 
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6.3 (U) !eRrelent.tive Proal's. Development Plan 

JIIf' TIle pace of .ystem de\flelolPmelllt 

eoacurrency pbaael of the 
proaram. Acceleration Ireatly increal.1 rilk, but initial operational capability 
milbt be reached by rY 1995 which would be constltent with selectioa of Option 
3 ill Section V'~!Jl~ L'l(tL) (e)' ~.Jlh)l'l) Htvt4K.cl OSD 3.3(b)( 1> 
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(U) 1l'liul'e 6-4. RBPRlSDTATIVE DBVILOMlIT PLAI (S~ 

CU) As sbown la 1l'lsure 6-4, sYltem definition is focused throusb a aystem 
requirements review and system deslsn review. Definition of system requirements 
sivel luidance to the tecbnololY and validation efforts in the first five years 
of the proarall. 
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~ Both the laaer aubayat .. a aad apaeeeraft aubsyat.. teehaololF developmeats 
are to be addnaaed uacler ""eeoololY." The overall pace of .pace-baaed laaer 
developmeat ia directly keyed to the pIce of tecbnoloaieal developmeat C.ee 
previoBl 8eetioa V of thia report). llaer .ystem developmeat 
pl.a ....... that laler aub.ea1e (e.1 would be available 1a 
~t tatelrlted around teat would follow. 111aht we11ht 
............ hardwan would be ia iatelrlted Iround test by BY 1996. 

~ Due to hiah techaololical aad 1atearatioa riaka, an ealineerina validation 
il neeealary at some poiat. This would force Ittentioa to the 'hard ealineerinl 
and tatelration problems inherent to a .paee-ba.ed la.er. 

¢' An on-orbit validator would resolve ialua of laaer iatearation aad 'pace
craft operation ia the apace environment. The validator would be a well
instrumented uit, abed for I siaale launch. It would be oa-orbit for le.s 
thaa ODe year of teat and ev.laUoa aad could be reeovered for examtaation 
prior to developtDI an operattoaal prototype. Realiltie Burveillaaee aad ea.Baad. 
eontro, aad coaauicat:loaB i8sues llaO be .ddrelled to refine op~er •• tl,d.l, 

battle Mlu.eat.at COIlICe!l>ta 

In .&lIIIIlI' .... 
8Y.Jtellll U'II.~~p review for "S,.at .. Defiaitioa, 

validator prelimiaary deaian review are all Ivail.ble at 
to preeeed to validatioa. 

or.r On-orbit validatioa would not require the full-up surveillance aad co ... ad 
aad control capability described ia Sectioa 6.2; however, detailed teat aad 
operatio88 planaial will be neces.ary to operate throuah exi.tina and planned 
networks (e,l. Space Detection and Trackina Syatem, Consolidated Space ~eratioaa 
Center t Space Defeaae Operatio88 Ceater, etc.). Facilities would be required for 
aas.ab1y, around teat, aad iatelration, aad equipment would be required for 
monitorlaa/controllial Iround .ad orbital operatioal. 

~ The productioa decision 1a baaed on the reaults of prototype operationsl 
teat and evaluatioa. However, the deciaion to proceed with iait1a1,productioa 
plalllDiaa, deliln and acquiaitioa of loal lead items must occur about 1997 to 
support iaitial operational capability in 2003. 

~ Th. initial operatioaal capability il defined a. the firat operational apace
baaed laser apace platfo~ oa-orbit. A launch rate of four per year ia as.umed 
yieldiaa a full operational capability of aa eiabt·.atellite conatellation ia 2005. 
Productioa would coatinue to either aupport oa-orbit replacement at the end of 
u •• ful life (three aad five year lifet1mea were coated) or on-orbit aerviciaa. 
Detailed trade-off. will be aeeded to determine the moat coat-effective ItrateIY 
for maintaiainl oa-orbit operation. 
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~ Advanced surveillaace/commaad. coatrol. aad communicatioas full operatio .. l 
capability could occur by the time frame of space-b.sed laaer initial operatio .. l 
capability. I'or exallPle, current plaDAinl eat1utea are that a heavy launcb 
vehicle could be developed/fielded in four to aevea y.arl. Fiaure 6.4 ahow. 
eilht years fro. launch vebicle system deaian review to initial operational 
capability. Sp.c~"based radar de&iaaa are only vaauety conceptualized; however, 
10.. key tecbDololiel are b,iDl .p0Daored by DARPA. Space-baaed radar initial 
operational capabilit, ia not needed until launch of the Ipace-baaed laser 
prototype. 

(D) I'inall,. aa88Mbly and intelration facilities as well a8 Iround supportl 
procea8ina ltation(a) are projected to aupport the syatem deployment. 

6.4 (11) ladY On-Orbi!: Deplopent of a S)'!t_ 

6.4.1 ~ Should thellllllllllclaaa .pace-baaed laaer be aelected 
for prototJPe aad production, in~ati0D81 capability miaht be reached by 
1997. This would require: 

(0) Bnaineerina validation be initiated t.mediately. 

~ Acquisition of prototype 101ll l~ad items beline tmmediately 
after !IlAD teattna (1986) and before launch of tile on-orbit validator. 

~ Work belins ia 1984-85 oa a shuttle-derivative launcb vehicle 
to complete developmeat before need for Ipace-baaed laaer prototype 
iatelratioa fa 1991·92. 

~ Surveillaace and command, control, aad communicatioDl a.seta 
reach initial operational capability by 1992-9 •• 

JII6 Prototype launch occurl in 1993-94. 

(U) Productioa 10 ahead be Biven ahortly after the prototype lau.acb. 

~ Firat production apace-baaed laaer ~aUDch occurs in 1997. 

6.4.2 '-"1" Acceleratioa of the __ claaa aystem iaitial opera
tional capability could be accompliabed b~ ealiDeerial validation aad 
coaductina deltaa, fabricatioa, aad teat of the prototype laua~h to IT 1990 and 
il coaaiateat with Optioa • ia Section V. Paral1.1illl productioa aad prototypiaa 
could ~ve iaitial operational capability to IT 1993-94 with attendaat hi&ber 
dak. l.\ S' Pr f" 1. 'f (4.1, { .. ).. ~ ., ( , )l ~ ) 

6.5 (U) Syata Coata ) 
050 3.3(b)( i ) 

6.5.1 (D) Tea year life cycle cOlta were choaea al the cost .. aaura. 
InteBrattoa, traiatal, mia.ioa-peculiar aupport equipment, teat aAd evaluation 
and proar.. maaal ... at are taken a. percenCase. of the recurrins production or 
fir.t unit coat. COlta of major syatem componeats (e.l. launch aad aurvetllaace 
sy.te •• ) are added to the apace platfoca coats. 
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CU) All costs are presented in 1981 conatant dollara. A 40 percent factor waa 
uaed to cover Govenment manaa_at resene aad mauaement. support. 

CU) IDTII cost, are est.imates based on prior complex syst .. s development proar ..... 
Production coata are functions of the firlt unit COlt (spacecraft and laser). 
Spacecraft coati are baled on wetPtl. .I.aser costl, however, are baaed oa 
perforaaace p.rametera aad beat eaaineeriaa judsmeats of extrapolatioa of state
of-the-art of aubayatem companeata. Ten yeara of operation aad support are 
included in calculatina life cycle coata. Botb five-year and three-year lifetimea 
were cODlidered with satellite. completely replaced at the ead of their life. 

vtr' Annual teltina was iacl\lded. It wal aBIUlled tbat each .pace platform would 
have ODe operatioaal teat each year. Sufficieat fuel (10 percent) was added to 
cover the te.t requiremeata. Aircraft aad space taraets for teetiaa are alBo 
iaeluded. 

(U) The COlt of on-board luneillance lenlorl and afouad-baaed factlttiel for 
data proces.ia8 are iaeluded. Separate external .uneillance was conaidered in 
the form of the .pace-ba.ed radar. It coasiated of tea satellites plua two apares 
for a total of twelve. 

CU) Within the systea development prolrllll, two full-acale apace platform space
baaed l.aer prototypes are developed--one for groued qualification and one for 
.pace qualification. Hew facilities needed for development testias. launch .ite 
t.atiDa. and launch site aasembly aad iDtesratioD are alao iacluded in the total 
coat. 

6.5.2 )81 Launch Coata 

~ It was assumed that ODe recoverable launch vebicle Byatem would be acquired 
durina the RDf81 pbaae aad three .ore duriag the producttoa phase. The cost 
a.aociated with the launch-vehicle ae.-eat containa a oae-time iatearation coat 
aad a recurrina coat-per-launch. These costs are tacluded 10 all caaea. 

6.5.3 (U) Total SY!tem Cost Estimate. 

CU) To cover iDevitable di.aareamenta cODceming the attributioa of life cycle 
coats, upper aad lower bound. were calculated for each ay.tem. Table 6-2 co-.parea 
constituenta of the lower aad upper bouads. Tbe lower bouad repreaents a loweat 
cost estimate, with only .inimal support costs charged to the space-baaed laser. 

D~ 
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TAILS 6-2 
CU) LOWER/UPPER BOUND COMPARISOI* 

LOWER 

SAME 

SAME 

SAME 

2 TIHIS PER 10 DB 
(5-year lifetime) 

$40H/LAutlCH 

$.7758 

OR-BOARD COST 

Eel~ 

SEGHBRT 

LASER 

SPACECRAFT 

OTHER 

RlPLACEtillT 

LAUNCH 

C3 (GROUID) 

SURVEILI.AHCE 

SAllE 

SAIII 

3.33 TIHIS Pia 10 DS 
(3-year lifetime) 

$4OI/LAUBCH +$68 
Development COlt 

.7758 + $1.48 for 
comauaications aatel1ite 
deployment 

OR-BOARD COST + $10B 
for 12 satellites 

* 401 Government manallment factor not included in these figure •• 

~ Systems aized for ballistic missile defense are more costly than tho,e 
sized for antiaatellfte and antiaircraft. Ballistic mi.sile defense concepts 
require more on-board aurveillance ._d commu a. Additional laser reactants 
were included to increase run time and additional boosters 
were included when on-orbit deployments exceeded ZO. 

CU) A concerted effort was made to identify all constituents of the system 
costs; however, aianificant uncertainties exist becauae of the degree of 
extrapolation of technology and because of the lack of a weapon syatem design. 

6.6 (D) Multimiaaion System Sizins and Costins 

~ Table 6.3 summarizes ten-year life cycle for the various classea of apace
baaed la.er syatems and mi.sions. Two tentative conclusioD8 can be drawn: 
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TABLI 6-3 
(U) SPACE-BAsm LASD SY8m COMPARISONS 

;EBeltft, 

H18SION/APPLICATION 

Hulti_iadoll 

Aircraft, Itmlted 
SLBH (4 boats), ABAT 
(901 or areatel' kill 
ia aceprioa) 

Anti8atellite ollly 

CLASS Sit 
(KW/a) 

Ballt.tic Htadle DeJ:'ea.' ..... 

Defend va ICBMa, 
NCA, C 
UDhardened 
llardead 

rftIHBD SBLa 
IN ODI'1'* 
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BOUNDS 01 lO-YR 
LCC (n: 81 t B) 
Lower Upper 

& __ 0 1'01 SELF DlrENSI. 

U $ A ~ \, '( (~), (e) ( 3'. '7 (h)( '1 ) 
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